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Description 

Reld of the Invention 

The invention relates to a nnethod for the 
identification of microorganisms and especially to 
such a method wherein an identifier is generated 
for the microorganisms which is then compared 
with a collection of identifiers representing vari- 
ous known microorganisms to find whether there 
is a match with one thereof, the comparison 
preferably being automated. 

Background to the Invention 

In microbiology, microorganisms are classified 
in taxonomic categories, nomenclature being 
used to name the units delineated and charac- 
terised by classification, identification by classical 
procedures involves the use of criteria estab- 
lished for classification and nomenclature in or- 
der to identify microorganisms by comparing the 
characteristics of an unknown unit with known 
units. Thus with a newly isolated microorganism, 
its identification requires an adequate charac- 
terisation thereof and then a comparison with 
published descriptions of other similar micro- 
organisms. 

To identify an organism of interest that is 
present in a specimen of mineral, plant or animal 
origin, it is first necessary to obtain an isolated 
colony of the microorganism. There are well 
developed procedures for growing or cultivating 
microorganisms in the laboratory on nutrient 
material, some of these procedures requiring 
special conditions such as the absence of free 
oxygen. By incubating a nutrient agar-type 
medium, using the streak-plate or pour-plate 
method, ceils are individually separated. In incu- 
bation, individual cells reproduce rapidly to gen- 
erate a visible colony of cells, each colony being a 
pure sample of a single kind of microorganism. 

In order to identify an unknown cell, classical 
techniques call for the use of high-magnification 
optical or electron microscopes in order to deter- 
mine colony and celt morphology. In addition 
numerous other characteristics may have to be 
determined, including staining characteristics, 
susceptibility to antimetabolites and serological 
and biochemical properties. The procedures for 
the identification of bacteria are set forth in detail 
in chapter 5 of the text "Clinical Bacteriology" — 
Fifth Ed. — J. Stokes et ah, published by Amold 
(London) 1980. 

Thus, the identification of microorganisms by 
classical techniques is time-consuming, labour- 
intensive and expensive and, not withstanding 
the high order of technical skill required, is liable 
to error. 

The identification of microorganisms is clearly 
of great importance in the medical and veterinary 
fields. However, in recent years the need for 
efficient and relatively rapid identification tech- 
niques has become even more pressing owing to 
the remarkable expansion of environmental and 
industrial microbiology. Thus, the cultivation of 
microorganisms in food processing, in the 



fermentation of alcoholic beverages, and in the 
manufacture of pharmaceuticals and of such 
industrial reagents as the alcohols and acetic acid 
is already well established. The use of micro- 

^ organisms has been proposed not only for synth- 
eses but also for counter-pollution measures; an 
interesting use of selected microorganisms to de- 
grade products of industrial organic syntheses is 
described in GB — — 2010327. Furthermore, 
genetic engineering is expected markedly to in- 
crease the range of applications of microbiology 
in industry and agriculture (see Scientific 
American, September 1981). 

There have, of course, been attempts to im- 
prove upon the classical techniques for micro- 
organism identification. For example, Tsukamura 
and MIzuno (Kekkaku 1980, 55 (12) pages 
525 — 530) disclose a method by which certain 
selected microorganisms can be distinguished. 
The pre cultured organism was incubated for 24 
hours in a reaction medium containing L-^°S- 
methionine, after which the cells were centri- 
fuged, washed and extracted with ethyl ether/ 
ethanol. The extracted material was subjected to 
further extraction using petroleum ether and the 
resultant material was subjected to thin-layer 
chromatography. Any radioactive spots in the 
thin-layer were detected by an automatic scanner. 
These Japanese workers were able to distinguish 
Mycobacterium nonchromogenicum (which gave 
one strong radioactive spot at an Rf value 
0.70 — 0.80) from M. terrae and M. trivia le (which 
two organisms produced no spot or only a trace 
spot). They were also able to differentiate be- 

35 tween two particular Rhodococcus species and to 
distinguish Rhodococcus species from Nocardia 
species (the former giving a spot at Rf 0.10 or Rf 
0.95, whereas Nocardia displayed no such spots). 
The method described in the Kekkaku article 

^ cteariy does not qualify as a genera! method for 
the identification of microorganisms: thus, the 
Japanese workers were unable to differentiate M. 
terrae and M. triviale. Furthermore, the method 
required an Initially high concentration of micro- 
organism and a long incubation period in the ^®S- 
methionine-containing medium. An interesting 
observation is that, although methionine is an 
amino acid (such acids being the building blocks 
of proteins), the petroleum ether extraction would 

so not have taken up proteins and thin-layer 
chromatography (TLC) is not a useful technique 
for resolving proteins. It would appear, therefore, 
that any radioactive spot that may be detected in 
the thin layer is not due to the incorporation of the 

^5 ^^S-methionine in a protein product of the 
metabolism of the organism, but is due to a 
product of a secondary reaction between the 
radioactive label and a compound derived from 
the organism. 

GO With a view to automating the Identification of 
microorganisms, U.S. Patent 4,288,543 to Sielaff 
et aL discloses a procedure in which the suscepti- 
bility of various strains of bacteria to antimicro- 
bial agents is tested, this being done in conjunc- 

65 tion with a determination of the tight-scattering 
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index of the organism being tested. The numerical 
growth data obtained by the light scatter compari- 
sons are analysed by computer-assisted statisti- 
cal techniques in order to identify the organism. 
The admitted drawback to this procedure is that 
one should use agents not in common therapeu- 
tic use in order to avoid errors resulting from 
strains that have become immune to various 
therapeutically utilised antibiotic agents. Further- 
more, it is necessary to divide the initial sample of 
the microorganism (specifically a bacterium) into 
a number of sub-samptes, each of which has to be 
inoculated with a respective growth-inhibiting 
agent, incubated and then tested. The Sielaff 
patent also makes of record other publications 
dealing with the automated identification of bac- 
teria by computer analysis of growth inhibition 
patterns. 

The logical approach to the problem of 
identification is to find or create an Identifier, 
namely a characteristic by means of which the 
identity of an unknown can be determined. Thus, 
fingerprints are regarded as identifiers for human 
beings, since a person can be identified by his 
fingerprints alone, without reference to that per- 
son's other characteristics, such as sex, age, 
height, weight, shape, eye colour and the like. 
However, a problem in applying this approach to 
microbiology is the difficulty of selecting a micro- 
organism characteristic that really Is an identifier, 
that can be routinely utilised as such, and that is 
applicable throughout the group of micro- 
organisms {especially bacteria) in question. The 
identifier, like a fingerprint, should ' be sub- 
stantially universal. Obviously, like human finger- 
prints, there may be exceptions, but the genera- 
tion of the identifier should be the rule and not the 
exception. 

One attempt to tackle this problem is described 
in GB— A— -1489255. That specification describes 
a process for the identification of a micro- 
organism which comprises inoculating a plurality 
of different ^^C-labelled substrates with an un- 
known organism and incubating the substrates 
for a time sufficient to cause metabolic break- 
down of at least some of the substrates by the 
organism to produce the radioactive gas ^*C02. 
The gas that is evolved is analysed for radio- 
activity in order to obtain a "substrate radio- 
respirometric profile" for the unknown micro- 
organism. Such a profile Is said (page 3, lines 
3 — 13) to serve as a fingerprint of the unknown 
microorganism, in that the profile can be com- 
pared to standard profiles obtained in the same 
manner from known microbes. That techniques 
requires the unknown microorganism to be tested 
against a suffident number of substrates taken 
individually in order to obtain a meaningful pro- 
file; for instance, in the specific Example of 
GB— A— 1489255, thirty substrates are used. 
Thus, each unknown is subjected, in effect, to a 
series of complex tests and this must render it 
difficult to standardise the test procedure. 



Summary of the Invention 

The present invention now provides a method 
for identifying microorganisms comprising the 
steps of: adding to a specimen of mlcro- 
^ organisms an emissive agent that is Incorporated 
therein to produce a mix of emissive products in a 
manner that depends on the metabolic 
mechanism of the microorganisms; detecting the 
emissive products to derive a characteristic 
pattern functioning as an identifier for the micro- 
organisms; and comparing the said identifier of 
the microorganisms with a collection of identic 
fiers representing known microorganisms (the 
collection conveniently being in the form of 
15 stored information) to determine the identity of 
the microorganisms. 

Herein, the expression "metabolic mechanism" 
is to be broadly construed and includes catabolic 
and genetic mechanisms. 
20 Identification, for the purposes of this specifica- 
tion, encompasses the determination of whether 
the microorganisms in the specimen (which may 
be referred to as the "unknown" microorganisms) 
fall within a particular group. Identification can be 
25 carried out at various levels: thus, it may be 
sufficient to identif/ the microorganisms as being 
of a particular Family or Genus, although 
commonly one would wish to determine the 
Species or even the Subspecies, Strain or Sero- 
30 type of the microorganisms in question. 

The present method can also be used to quan- 
tify the microorganisms since the overall intensity 
of the emission from the mix will be proportional 
to the quantity of the microorganism that pro- 
35 duces the mix. 

The microorganisms in the specimen may, for 
example, be bacteria or fungi (which term in- 
cludes the yeasts). 

However the method is also applicable to the 
40 identification of those microorganisms, in partic- 
ular viruses or other obligate parasites such as 
Rickettsia and Chlamydia, that require a host cell 
for metabolic activity. Accordingly, the expres- 
sion "mix of emissive products" is to be con- 
45 strued in such cases as referring to the mix 
produced by the microorganism and its host cell 
together. Here the identifier for the micro- 
organism may be generated by altering the 
metabolism of the host celt as much as by the 
so generation of its own products. 



Brief Description of the Drawings 

Figure 1 gives examples of band patterns de- 
55 rived from different types of bacteria by a method 
in accordance with the invention. 

Figure 2 gives examples of band patterns de- 
rived from different serotypes of a single type of 
bacteria. 

60 Figure 3 is a simplified block diagram of a 
computerised system for automatically carrying 
out an identification procedure in accordance 
with the invention. 
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Description of the Preferred Embodiments 

The present invention is based on a discovery 
unexpectedly made in the course of research in 
which the function of messenger RN A' (ribonuc- 
leic acid) in particular tissues was being investi- 
gated. In this Investigation, messenger RNA was 
extracted from tissue and purified. Then the 
messenger RNA was translated into cor- 
responding protein by adding thereto a cell-free 
system constituted by a rtbosomal mixture with 
little or no genetic information of its own, but 
having the capacity to translate exogenous 
messenger RNA. As a consequence, the free 
amino acids in the translation medium were 
incorporated into the protein in a sequence dic- 
tated by the messenger RNA derived from the 
tissue. 

In order to identify the products of the transla- 
tion system, a radioactive sulphur-containing 
amino acid (^^S methionine) was added to the 
system. 

After a translation period lasting about two 
hours* the translation medium was layered onto a 
gel plate and subjected to electrophoresis. Elec- 
trophoresis is the migration of colloidal particles 
In a liquid due to a potential difference estab- 
lished across immersed electrodes, the migration 
being toward the electrode having a charge 
opposed that of the particles. Electrophoresis is 
applicable to a protein, for its molecules act as 
colloidal particles, and their charge is negative or 
positive, depending on whether the surrounding 
solution is acidic or basic. 

All free amino acids ran through the system, 
while all amino acids which had been incor- 
porated into newly translated proteins were ad- 
sorbed on the plate at chromatographic positions 
characteristic of the protein into which they had 
been incorporated. Similarly, any ^^S methionine 
which had been incorporated into a protein would 
be retained within it and thereby function as a 
marker for the molecules. 

The gel plate was then placed against a sensi- 
tive photographic plate. Appearing on the photo- 
graphic plate as a result of radioactive emission 
(beta radiation) from the methionine, were 
bands occupying positions thereon appropriate to 
the molecule in which the radioactive amino acid 
had been incorporated. 

In this plate, the bands had an intensity pro- 
portional to the amount of methionine incor- 
porated into the protein, i.e. to the number of 
methionine amino acids in the protein and to the 
quantity of the protein that had been synthesized. 

One would expect, when following this proce- 
dure, that in the absence of a messsage, no bands 
except for endogenous background translation 
would appear on the photographic plate. But 
contrary to this expectation, bands were de- 
veloped which did not seem to correspond in any 
way to the messenger RNA that had been added 
to the translation system. Moreover, it was found 
that bands were created even when no RNA from 
any source whatever had been added to the 
system. 
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The conclusion then reached was that the unex- 
pected appearance of bands could only be im- 
puted to bacterial contamination, and that it was 
bacterial RNA that was being translated. This con- 
^ elusion was confirmed when the bands were 
caused to disappear by sterilizing the various 
solutions that were being used in this research 
programme. 

It was also observed that different solutions 
gave rise to different band patterns, each solution 
producing a unique pattem quite distinct from 
those emanating from the other solutions. It was 
discovered that these distinctive band patterns 
occurred because the solution from which they 
were derived were contaminated with different 
types of bacteria, each generating a different 
pattem of translated proteins. This led to a princi- 
ple underlying the present invention, namely that 
microorganisms, for example bacteria, can be 
identified by their pattern of emissive products, 
for example radioactive proteins. 

In principle, any emissive agent can be used in 
the practice of this Invention, provided that the 
agent is incorporated Into products of metabol- 
2* ism that will serve as identifier for the micro- 
organism in question. Thus, use could be made of 
emissive nucleic acids, long-chain fatty acids, 
carbohydrates and membrane units to produce a 
mix of emissive products. As long as this mix is 
30 the result of the specific metabolism of the micro- 
organism and can thereby be used to identify the 
microorganism, it does not matter where or how 
the metabolic mechanism is being harnessed. 
However, the use of an emissive amino acid is 
35 preferred, since in general it will be incorporated 
in a range of protein products which will serve as 
a particularly useful identifier for the micro- 
organism under investigation. 

The use of an emission, such as radioactivity, 
fluorescence or the like, is necessary to be able to 
detect the newly translated products, such as 
proteins, that are present in minute quantities, in 
general of the order of picograms or femtograms. 
Thus, it is preferred that the emissive agent 
^ should contain a radioactive element such as ^*S, 
^F, '*C, *H or ^**l. The use of a radioactive amino 
acid as the emissive agent is especially preferred, 
examples being leucine, lysine and, 
especially, methionine. 
so The emissive agent may be added to the speci- 
men by placing the microorganisms in a medium, 
to which the emissive agent is added (before, 
during or after the placement of the organisms), 
incubating the resultant medium for a period and 
55 arresting the incubation reaction at the end of that 
period. 

For example, a culture medium containing the 
microorganism to be identified, if appropriate 
after dilution, may have added thereto the emis- 
€0 sive agent, if appropriate as a solution thereof. 
Alternatively, the culture step can be bypassed 
and the sample containing the microorganism 
can be obtained from source and the emissive 
agent added directly. After a predetermined incu- 
rs bation period (for example two hours) the reac- 
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tion is arrested, for example by the addition of 
one or more appropriate chemical agents, such as 
sodium dodecyl sulfate (SOS) and mercapto- 
ethanoi. In the preferred embodiments, SDS also 
serves a useful function, in that It acts to break 
down aggregates of proteins that may have 
formed, as by hydrogen bonding. 

In general, it will be necessary to subject the 
resultant mix of emissive products to separation 
in order to "display" the unique characteristics 
thereof. An acceptable method for protein separa- 
tion is isoelectric focusing, in which proteins are 
caused to separate across a substrate for example 
in the form of a plate, and to fix themselves at 
their isoelectric points. Affinity, molecular-sieve 
and ion-exchange chromatography may also be 
used for separation, as may isotachophoresis. 

In preferred embodiments, separation is 
effected by electrophoresis, since this is a highly 
discriminating method for segregating proteins. 
Thus, after the incubation reaction has been 
arrested, the inoculated culture medium may be 
layered on to a suitable substrate, for example a 
potyacrylamide gel, conveniently In the form of a 
plate, where it is then subjected to electro- 
phoresis. 

While each emissive product in a mix obtained 
from a given organism may be found in mixes 
derived from other organisms, it appears that the 
mix obtained from a given organism is uniquely 
characterised by the nature of the products 
present and by their relative proportions. To that 
extent, the identifier for the microorganism under 
investigation is* already implicit in the mix of 
emissive products. However, it is necessary to 
detect the emissive products in order to obtain a 
characteristic pattern that will permit the compari- 
son step necessary to effect identification. As 
indicated above, the detection is generally pre- 
ceded by a separation step in order, as it were, to 
"reveal" the components of the mix. It may in 
some cases be sufficient for identification pur- 
poses simply to determine the relative positions 
of the components in the resultant array or 
"spectrum" of separated or segregated emissive 
products. In other cases it may also be necessary 
to determine the relative proportions of the pro- 
ducts, as by detecting the relative intensity of the 
emissions from the individual products. 

The emissive products may be detected by 
exposing an appropriately sensitive film to the 
emission from the said products. Thus, in 
embodiments wherein radioactively emissive 
products have been subjected to electrophoresis 
on a gel substrate, the latter may be autoradio- 
graphed by placing it adjacent to an X-ray film for 
a period sufficient to produce in that film a charac- 
teristic band pattem; the latter will in general 
resemble a bar code pattern and may be referred 
to as such. 

As indicated above, an unknown micro- 
organism can be identified by finding a match of 
the identifier for that unknown with one of a 
collection of identifiers representing various 
known microorganisms. Thus, the band pattern in 



the film, once fixed, may be compared to the band 
pattems obtained in an analogous nrianner from 
known microorganisms. 
The autoradiographs obtained as described 
^ above, although permitting visual comparisons to 
be effected, are also machine-readable, in that the 
band pattern may be sensed electro-optically by 
means adapted to provide a corresponding elec- 
trical signal pattern. 

It is also possible to dispense with the auto- 
radiographing step and to detect directly the 
emissive products by sensing the emission there- 
from by means . adapted to provide a cor- 
responding electrical signal pattern which can be 
processed to give a print-out in a desired graphi- 
cal form for visual comparison with print-outs 
obtained analogously from known micro- 
organisms. 

However, the electrical signal pattern obtained 
by direct sensing of the emissive products or by 
sensing of an autoradiograph may be processed 
in a computer to perform identification pro- 
cedures; thus, the obtained electrical signal 
pattern may be compared in a computer with 
pattern stored in the computer memory, said 
stored patterns representing a collection of 
known microorganisms. The stored pattems con- 
stitute a library of identifiers which can be created 
by subjecting each of a number of known micro- 

30 organisms to the emissive-agent addition, incu- 
bation, separation and detecting steps described 
above. The comparison may be effected by auto- 
mated pattern recognition techniques known in 
principle. Pattem recognition entails the steps of 

3S feature extraction and then of classification using 
statistical analysis. Such techniques are described 
in "Pattem Recognition, a Statistical Approach" 
by P. A. Devijver and J. Kittier published by 
Prentice Hall, London (1982). 

40 Referring now to Figure 3, there is shown a 
computerised system for scanning a band pattern 
formed on a radiographic plate 10, the pattern 
being an Identifier for an unknown micro- 
organism. 

45 This pattern is electro-optically scanned by a 
scanner 11. In- principle, it is immaterial whether 
the scanner moves along a stationary plate, or the 
plate is moved beneath a stationary scanner. The 
scanner comprises a light-sensitive element, for 

so example a photo-electric cell, and may be respon- 
sive not only to the absence or presence of bands 
but also to variations in the intensity of those 
bands. 

The output of scanner 11 is converted into 
65 digitised signals for processing in a computer ter- 
minal 12. Computer terminal 12 operates in con- 
junction with a memory 13 in which is stored a 
library of band patterns of known forms of micro- 
organism. 

60 The function of the computer system is to 

identify the unknown microorganism whose band 
pattern has been scanned. To this end an elec- 
tronic comparator or the equivalent software 14 is 
provided to find a match between the input 

65 signals and one of the stored patterns re- 
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presenting various known forms of micro- 
organisms. When a match is found, information is 
conveyed to computer terminal 12 whose output 
then provides on a visual display 15 a read-out of 
the identified microorganisms, and on an asso- 
ciated print-out 16, a hard copy of the reading. 

Direct scanning of the separated emissive pro- 
ducts can be effected by means of apparatus 
anafogous to that shown In Figure 3, except that 
the plate 10 would be replaced by a substrate 
bearing the separated emissive products and that, 
where the emission is radioactivity, the electro- 
optical scanner 1 1 is replaced by a suitable radi- 
ation counter such as a Geiger counter. 

Alternatively, a video camera may be used, 
whereby the emissions are caused to impinge on 
a plate sensitive thereto, to plate being scanned 
by an electron beam to generate a video signal. 
The video signal may then be digitised and 
processed In a computer to effect identification. 

In practice, the computer may store not only the 
names of known microorganisms, but also data in 
regard to the nature and characteristics thereof. 
These stored data can be printed out, so that the 
user of the system is informed not only as to the 
identity of the unknown microorganism, but also 
useful information relevant thereto. 

Another approach obviating the need for visual 
inspection of the band pattern in determining the 
identity of an unknown microorganism is to elec- 
tro-optically scan the pattern to produce a signal 
which is converted into a multi-digit code number 
unique to the pattern. A scanning system capable 
of - converting a pattern into a unique code 
number is disclosed in the U.S. Patent No. 
3,581,282 to Altman wherein the pattern is that 
produced by the palm of the hand, the Altman 
system serving to identify individuals. 

By converting band patterns into code numbers 
in the manner taught by Altman, one can then 
create a directory of code numbers and in which 
each code number is related to a known type or 
strain of microorganisms. Thus one who wishes 
to identify an unknown microorganism first pro- 
duces a radiograph in the manner disclosed here- 
inabove, and then by means of a scanning system 
of the Altman type, converts the band pattern into 
a code number. Once he has the code number, it 
becomes a simple matter to consult the code 
directory to fix the identity of the unknown micro- 
organism. 

As pointed out previously, for purposes of 
identification it may not always be necessary to 
find the exact identity of the microbe, and to 
determine for example that the microbe is E. coli, 
serotype 06. In some situations, it may be suffi- 
cient for purposes of identification to determine 
whether the unknown is of a particular genus. To 
this end the computer may be governed by an 
algorithm or programme operating in conjunction 
with an appropriate data bank so as to process the 
output of the scanner or detector to identify the 
unknown with respect only to genus or whatever 
other taxonomical description is required. 

Thus, the process of identification in the context 



of the present invention, lies in determining 
whether an unknown microbe lies within or 
matches a genus, a species, a strain or any other 
established or predetermined frame of reference. 
In that sense, a system in accordance with the 
invention may have a degree of resolution that 
depends on the task assigned thereto. 

It is desirable in order to provide a constant 
identifier unique to each microorganism, that the 
conditions under which the pattern is produced 
be standardised. To facilitate standardisation a 
reference standard may be established in a form 
which can be fed as reference data into a com- 
puter. Subsequent samples may thereafter be 
checked by the computer with the reference to 
see whether a search lies within an acceptable 
tolerance band. Under standardised conditions, 
the pattern from a given microorganism is always 
substantially the same. 

To overcome difficulties in maintaining abso- 
lutely standard conditions for determinations, the 
detection system may be calibrated, for example 
by detecting the emission products of a known 
control, which emission products have been 
obtained and separated under the same con- 
ditions as the emission products of the unknown. 
The signal of the unknown is then modified (to a 
degree determined by the difference between the 
control signal and a corresponding signal stored 
in the data bank) in order to obtain a proper 
comparison of the unknown with the stored data. 

Commonly, the microorganisms in the speci- 
men to which the emissive agent is added will be 
of a single kind, i.e. the microorganisms will be 
substantially identical, as in a pure culture. How- 
ever, the present method can in appropriate cir- 
cumstances be applied to specimens comprising 
a mixture of microorganisms. Thus, it would be 
possible to create a library of "composite identi- 
fiers" each representing a mixture of micro- 
organisms that commonly occur together. 
Furthermore, it may be possible to identify the 
members of a mixture of microorganisms from a 
composite identifier obtained therefrom by using 
computer "subtraction" techniques already 
known in principle. 

The present invention shares the advantages of 
known automated identification techniques, for 
example it can dispense with the need for inter- 
pretation of results by experienced technicians, 
since the identification can be effected auto- 
matically. In addition, the present method ex- 
hibits a number of other advantages, not least In 
the simplicity and comparative speed with which 
the identifier can be obtained. Thus, in contrast to 
the techniques in US — ^A — 4,288,543 and 
GB — ^A — 1,489,255 mentioned above, the speci- 
men of microorganisms need be reacted with 
only one substrate. 

The present invention permits the production of 
the identifier in the form of stored information 
(e.g. as an autoradiograph, as a printed graphical 
representation or as data in a computer memory) 
that admits of ready comparison with similarly 
S5 obtained identifiers of known organisms. 
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Also, in contrast to Tsukamura etat, above, not 
only is the present method quick (compare the 
twenty-four-hour incubation period and extrac- 
tion procedures employed by Tsukamura et al„ 
despite the initial high concentration of the 
mlcrobeh but also the present method has been 
used to Identify all bacteria so far studied. Thus, 
Tsukamura et al, were confined to the further 
characterisation of a few specific organisms that 
had already been classified, since they investi- 
gated only the absence or presence of specific 
products, as detected by TLC. That approach 
depends on the finding of specific products to 
identify a microorganism. By contrast in the 
present method it is the pattern of non-specific 
products, none of which have been selected and 
none of which may be unique, which provides the 
identifier. 

Another advantage of the present method is 
that it is possible to bypass the culture stage and 
directly to identify a microorganism taken from 
source (e.g. water, soil, urine, cerebrospinal fluid). 

A further advantage of the present method is 
that it can be used not only to identify known 
organisms, but also to discover new ones. Thus, if 
the identifier obtained from an unknown micro- 
organism fails to match any identifier in the 
library of known microorganisms, it would be 
possible to assign a name to that unknown, 
whereupon its identifier may be added to the 
library in order to create a new "known" organ- 
ism. For example, the organism C. difficile has 
proved difficult to classify and specimens have 
hitherto been referred to by isolate numbers. By 
means of the present method, it is possible to 
determine which of the isolates are, in fact, 
identical and then to classify the different strains. 
Thus, the present method can be used to classify 
microorganisms to create a taxonomy with ref- 
erence to those subsequent identifications. 

The present invention is illustrated by the 
following specific Examples. 

Example 1 

To identify different types of bacteria, a 1/100 
dilution was made of culture mediums containing 
Proteus, E. coli, Pseudomonas and Klebsiella, 
each cultured in duplicate. 

Five microlitres of solution was taken from each 
sample, to which was added five microlitres of L 
— methionine. No translation system was 
added. After a two-hour incubation period, the 
reaction was arrested by adding 1 0% SDS 
(sodium dodecyl sulfate) and 3% mercapto- 
ethanol in trisbuffer. After heating, each solution 
was then layered onto a polyacrylamide gel plate. 

After carrying out electrophoresis for sixteen 
hours at 70 volts or 2.5 hours at 200 volts, the gel 
was fixed for three hours, dehydrated with acetic 
acid washes and exposed to a 2,5-diphenylox- 
azole/acetic acid mixture for three hours. The 
plate was then water-washed and dried to provide 
the desired specimen. Rnally the plate was auto- 
radiographed by exposing the gel to an X-ray film 
overnight. 
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A trace of the resultant autoradiograph Is 
shown in Rg. 1 wherein channels 1 and 2 are the 
duplicates of Proteus; channels 3 and 4, the 
duplicates of E. coli; channels 5 and 6, the 
^ duplicates of Pseudomonas; and channel 7, Kleb- 
siella. 

It will be evident from an examination of Fig. 1 
that the pattern of bands in channels 1 and 2 are 
identical so that duplicate samples of Proteus give 
rise to the same bar code identifier. This is also 
true of E. coli in channels 3 and 4 or Pseudomonas 
in channels 5 and 6; and Klebsiella in channel 7 is 
different from the other bar codes. The products 
are located by their position and the distribution 
around that position (as reflected by the resolu- 
tion of the separation technique). 

Example 2 

The procedure described in Example 1 was 
repeated for a second five microlitres from each 
of the cultures. The resultant autoradiograph was 
indistinguishable from that shown in Fig. 1, there- 
by indicating that under standardised conditions, 
each bacterium gave rise to a distinctive band 
pattern readily distinguishable from those pro- 
duced by the other bacteria. It is therefore poss- 
ible with the naked eye to identify each bacterium 
by means of its autoradlographed identifier. 

30 Example 3 

(A) To determine whether it was possible to 
identify different serotypes within a single bacte- 
rial type, three different serotypes of E. coli were 
cultured in duplicate (01-06-075) and treated in 

3S the same manner as described in Example 1 to 
produce an autoradiograph. 

As shown in Fig. 2, the band patterns for the 
duplicate 01 serotype are the same, this being 
true of the band patterns for the duplicate 06 and 
<o 075 serotypes. But there are significant 
differences in the band patterns for the different 
serotypes which serve to distinguish the identi- 
fiers from each other. Although the differences in 
this case are not as pronounced as when different 
<s genera of bacteria are involved, it is clear that the 
present identification method is capable of a fine 
degree of resolution. 

(B) In another experiment six different sero- 
types of E. Coli were cultured in duplicate. One set 

so of duplicates was labelled with the name of the 
serotype (01, 06, 075, 040, 0108) and the other set 
was given a code number. 

Fifty microlitres of sample were taken from 
each culture incubated with approx. SpCi (5pl) of 
ss methionine (1385 Ci/mmol) for two hours at 

37*C. The incubation was stopped by the addition 
of 55pl SDS/PAGE sample buffer (4% SDS, 6% 
mercaptoethanol, 4% glycerol in Tris/HCI, pH 6.7) 
and the sample was then heated. Twenty-five 
60 microlitres from the mixture was loaded onto a 
1% SDS/12.5% polyacrylamide gel (16 
cm X 18 cm). Twelve samples were loaded 
onto one gel plate. The plate was electrophoresed 
at 70 volts overnight in a cold room after which it 
65 was fixed (20% acetic acid, 20% isopropanol in 
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water). EN^HANCE (trade mark; New England 
Nuclear) was added and the plate was dried and 
then exposed to X-ray film (Fuji RX) for three days 
at -70X. The six serotypes of E. Coli in the 
named samples gave six distinct band patterns 
upon autoradiography, these patterns being 
different from one another, it proved possible for 
three investigators, who were ignorant of the 
code, independently to discern the correct match 
between each of these band patterns and the 
band pattern of the corresponding code-num- 
bered sample. 

This experiment shows that It is quite possible 
to distinguish different serotypes of the same 
microorganism by means of the present inven- 
tion. Ordinarily, the identification of serotypes is a 
time-consuming affair which requires the raising 
of antisera and the performing of agglutination 
tests against the O and the H antigens of the 
microorganism. 

In the procedure described above in Examples 1 
and 3(bL a ftuor is added to the array of radio- 
active proteins obtained after electrophoresis in 
order to enhance the exposure of the film. Thus, 
the method may comprise the addition of a sub- 
stance (i.e. a fluor, e.g. 2,5-dlphenyloxazole or 
EN^HANCE) which will emit light (fluoresces) 
upon stimulation with radioactivity, the detection 
step in the present process comprising the sens- 
ing of that emission. This procedure may be 
particularly advantageous when the emissive 
agent comprises tritium <^H) as the radioactive 
element 

Example 4 

In a manner analogous to that described in 
Example 3(B), six different serotypes of E. Coli 
were incubated in a medium containing 
methlonine and then subjected to electrophoresis 
in order to obtain, for each serotype, an array of 
segregated emissive protein products. 

The segregated products were detected by 
direct scanning by mounting the polyacrylamlde 
gel strips containing the products on a conveyor 
and passing the strips beneath a collimated geig- 
er counter functioning as the scanner in an 
apparatus substantially as described above with 
reference to Figure 3. The scanner was interfaced 
with an ITT 2020 microcomputer which in turn 
was interfaced with a visual display unit (VDU), 
floppy disc drives and a printer. 

The pattern for each serotype was displayed on 
the VDU and a hard copy was obtained from the 
printer, the pattem being presented in the manner 
of a histogram. The patterns from the serotypes 
were clearly distinguishable one from another. 

Example 5 

The microorganisms mentioned in Examples 1 
to 4 above are all gram negative aerobic bacteria. 
An analogous procedure to that described in 
Example 1 has been successfully employed for 
the identification of various gram positive aerobic 
bacteria, such as Staphylococcus aureus and 
Streptococcus faecalis, as well as gram positive 
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anaerobic bacteria such as Clostridium per- 
fringens, C. bifermentans, C, butyricum and C. 
difficile (including subgroups of the isolation 
numbers) and gram negative anaerobic bacteria 
such as Bacteroides bivius, B. thetaiotamicron, B. 
vulgatus, B. corrodens, B. ovatus, B. distasonis 
and B. fragilis (including various serotypes there- 
of); for the identification of a yeast (Candida 
albicans); for the identification of Gonococcus 
species; and for the identification of a mixture of 
organisms (E. coli and Proteus sp.). 

Example.6 

Host cells (human embryonic lung fibroblast 
cells) were grown for a period of 24 48 hours in 
specimen ^tubes using a minimum essential 
medium (1ml for each tube). 5—10 |il (5 \iC\) of^^S 
methionine were added to each tube, which was 
subsequently inoculated with a virus, either Her- 
pes simplex 1 or Herpes simplex 2. The tubes 
were incubated for various periods of time rang- 
ing from 1 to 4 days. One tube was harvested 
daily as follows. The supernatent was first poured 
off and then trypsins was added. 50 \i\ of the 
resultant slurry was added to 50 |il SDS/PAGE 
buffer solution. The sample was then loaded onto 
a polyacrylamlde gel plate and subjected to 
electrophoresis as described above. 

The segregated, emissive protein products 
were detected by means of autoradiography. The 
band pattem obtained from the H. simplex 1/host 
cell entity was cleariy distinguishable from that 
obtained from the H. simplex 2/host cell entity. 

Claims 



1. A method for identifying microorganisms 
comprising the steps of: 

adding to a specimen of microorganisms an 
40 emissive agent that is incorporated therein to 
produce a mix of emissive products in a manner 
that depends on the metabolic mechanism of the 
microorganism; 
detecting the emissive products to derive a 
45 characteristic pattern functioning as an identifier 
for the microorganisms; and 

comparing the said identifier of the micro- 
organisms with a collection of identifiers re- 
presenting known microorganisms to determine 
so the identity of the microorganisms in the 
specimen. 

2. A method according to claim 1, characterised 
in that the emissive agent is radioactive. 

3. A method according to claim 2, characterised 
55 in that the emissive agent is a radioactive amino 

acid. 

4. A method according to claim 3, characterised 
in that the emissive agent Is ^^S methionine. 

5. A method according to claim 2, characterised 
60 in that there is added to the radioactive products a 

substance that will give rise to an emission of 
light upon stimulation with radioactivity, the de- 
tecting step comprising the sensing of that emis- 
sion; 

65 6. A method according to any one of claims 1 to 
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5, characterised in that the emissive products are 
separated before detection. 

7. A nnethod according to claim 6, characterised 
in that the separation is effected by electro- 
phoresis. 

8. A method according to any one of claims 1 to 
1, characterised in that the microorganisms in the 
specimen are of a single kind. 

9. A method according to any one of claims 1 to 
8, characterised in that the microorganisms are 
bacteria. 

10. A method according to any one of claims 1 
to 8, characterised in that the microorganisms are 
filngi. 

11. A method according to any one of claims 1 
to 8, characterised in that the microorganisms are 
viruses or other obligate parasites present in host' 
cells. 

12. A method according to any one of claims 1 
to 11, characterised in that the emissive agent is 
added to the specimen by: 

placing the microorganisms in a medium, to 
which the emissive agent is added: 

Incubating the resultant medium for a period; 
and arresting the Incubation reaction at the end of 
the said period. 

13. A method according to claim 12, charac- 
terised in that the reaction is arrested by the 
addition of sodium dodecyl sulfate and mercapto- 
ethanol. 

14. A method according to any one of claims 1 
to 13, characterised in that the said collection of 
Identifiers is stored Information. 

15. A method according to any one of claims 1 
to 14, characterised in that the specimen is of a 
culture of microorganisms. 

16. A method according to any one of claims 1 
to 15, characterised in that the emissive products 
are detected by exposing a film to the emission 
from the said products to produce a cor- 
responding band pattern on said film. 

17. A method according to claim 16, charac- 
terised in that the band pattern in the exposed 
film is sensed by electro-optical means adapted to 
provide a corresponding electrical signal pattern. 

18. A method according to any one of claims 1 
to 15, characterised in that the emissive products 
are detected by sensing the emission from the 
said products by means adapted to provide a 
corresponding electrical signal pattern. 

19. A method according to claim 17 or 18, 
characterised in that the said electrical signal 
pattem is compared In a computer with patterns 
stored in the computer memory, said stored 
patterns representing a collection of known 
microorganisms. 

Revendlcations 

1. Proc^dd d'identiftcation de microorganismes 
qui comprend les Stapes consistant: 

— d ajouter d un dchantilion de micro- 
organismes un agent 6missif qui y est incorpor^ 
pour former un melange de produits ^missifs 
d'une manidre qui est fonction du m^canisme 



mdtabolique du microorganisme, 

— h detecter les produits d'emission pour en 
deduire une representation caractdristique ser- 
vant d'identificateur des microorganismes; et 

— h comparer cat Identlficateur des micro- 
organismes avec une collection d'identificateurs 
correspondant d des microorganismes connus 
pour determiner la nature des microorganismes 
dans r^hantillon. 

2. ProcSdd selon la revendlcatlon 1, caractdris6 
en ca que I'agent dmissif est radioactif. 

3. Proc^dS selon la revendication 2, caract^risd 
en ce que Tagent dmtssif est un amino-acide 
radioactif. 

4. Procdde selon la revendication 3, caract6ris6 
en ce que I'agent ^missif est la methionine. 

5. Proc6dd selon la revendication 2, caract^rise 
en ce que Ton ajoute aux produits radioactifs une 
substance qui donnera naissance d una emission 
de lumldre par stimulation radioactive, I'^tape de 
detection comportant Tobservation de cette Emis- 
sion. 

6. Proc6d6 selon Tune quelconque des reven- 
dications 1 d 5, caractEris6 en ce que les produits 
emissifs sont separ^s avant detection. 

7. Precede selon la revendication 6, caracterisd 
en ce que la separation est efFectu^e par eiectro- 
phorese. 

8. Proced6 selon Tune quelconque des reven- 
dications 1^7, caracterisE en ce que les micro- 
organismes dans Techantillon sont d'un seul 
type. 

9. ProcddS selon Tune quelconque des reven- 
dicatiohs 1^8, caract^risE en ce que les micro- 
organismes sont des bact^ries. 

10. ProcSd^ selon I'une quelconque des reven- 
dications 1^8, caract^rise en ce que les micro- 
organismes sont des champignons. 

11. Procede selon I'une quelconque des reven- 
^ dications 1 a 8, caract^rise en ce que les micro- 
organismes sont des virus ou d'autres parasites 
essentiels de cellules hdtes. 

12. Procede selon I'une quelconque des reven- 
dications 1 d 11, caractErise en ce que I'agent 
dmissif est ajoute h rechantillon: 

en mettant les microorganismes dans un milieu 
auquel Tagent Emissif est ajout6, en incubant ie 
milieu resultant pendant un certain temps; et en 
arretant la reaction d'Incubation au bout de ce 
5^0 temps. 

13. Procede selon la revendication 12, carac- 
terise en ce que la reaction est interrompue par 
addition de dodecyl sulfate de sodium et de 
mercaptoethanol. 

^5 14. Procede selon I'une quelconque des reven- 
dlcations 1 d 13, caracterise en ce que ladite 
collection d'identificateurs est une information 
mise en memoire. 

15. Procede selon Tune quelconque des reven- 
^ dications 1 e 14, caracterise en ce que rechan- 

tillon provient d'une culture de microorganismes. 

16. Procede selon Tune quelconque des reven- 
dications 1 a 15, caracterise en ce que les produits 
emissifs sont detectes en exposant un film h 

ss remission desdits produits pour produire une 
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representation correspondante de bandes for- 
m6es sur tedit film. 

17. Procede selon la revendication 16, carac- 
t^rise en ce que la representation par bandes 
dans le film expos6 est observee par des moyens 
eiectro-optiques convenant pour donner une 
representation correspondante form^e de sig- 
naux Slectriques. 

18. ProcSdd selon Tune quelconque des reven- 
dications 1 d 15, caract^risd en ce que les produits 
emissifs sont d6tect^ par Tobservation de remis- 
sion desdits produits avec des moyens adaptSs h 
la fourniture d'une representation cor- 
respondante formde de signaux electriques. 

19. Procede selon I'une des revendications 17 
ou 18, caracferise en ce que ladite representation 
formee de signaux electriques est comparee dans 
un ordinateur avec d'autres representations mis- 
es dans la memoire de I'ordinateur, ces 
representations mises en memoire constituant la 
collection de microorganismes connus, 

Patentanspruche 

1. Verfahren zur Identifizierung von Mikro- 
organismen, dadurch gekennzeichnet, daB zu 
einer Mikroorganismenprobe ein emissives Mit- 
tel, die darin aufgenommen wird, zur Erzeugung 
einer Mischung aus emissiven Produkten in einer 
Weise, die von dem Stoffwechselmechanrsmus 
der Mikroorganismen abhangt, zugesetzt wird, 
die emissiven Produkte zur Ableitung eines 
cha rakteristischen Musters, das als 
Identifizierungsmittel fur die Mikroorganismen 
dient, aufgespurt werden und das identi- 
fizierungsmittel der Mikroorganismen mit einer 
Sammlung von Identifizierungsmittein, die be- 
kannte Mikroorganismen reprasentieren, zur 
Bestimmung der IdentitSt der Mikroorganismen 
in der Probe verg lichen wird. 

2. Verfahren nach Anspruch 1, dadurch gekenn- 
zetchnet, daB das emissive Mittel radioaktiv ist. 

3. Verfahren nach Anspruch 2, dadurch gekenn- 
zeichnet, daS das emissive Mittel eine radioakttve 
Aminosaure 1st. 

4. Verfahren nach Anspruch 3, dadurch gekenn- 
zeichnet, dafi das emissive Mittel ^%-Methionin 
Ist. 

5. Verfahren nach Anspruch 2, dadurch gekenn- 
zeichnet, da& den radioaktiven Produkten eine 
Substanz zugesetzt wird, die LIcht nach einer 
Anregung mit Radioaktivitat aussendet, wobei die 
Aufspurstufe darin besteht, diese Emission wahr- 
zunehmen. 

6. Verfahren nach einem der Anspruche 1 bis 5, 
dadurch gekennzeichnet, da& die emissiven Pro- 
dulcte vor der Aufspurung abgetrennt werden. 

7. Verfahren nach Anspruch 6, dadurch gekenn- 
zeichnet, daB die Abtrennung durch Elek- 
trophorese erfolgt. 



8. Verfahren nach einem der Anspruche 1 bis 7, 
dadurch gekennzeichnet, daB die Mikro- 
organismen in der Probe von einer einzigen Art 

sind. 

^ 9. Verfahren nach einem der Anspruche 1 bis 8, 

dadurch gekennzeichnet, daB die Mikro- 
organismen Bakterien sind. 

10. Verfahren nach einem der AnsprOche 1 bis 
8, dadurch gekennzeichnet, daB die Mikro- 
organismen Pilze sind. 

11. Verfahren nach einem der Anspruche 1 bis 
8, dadurch gekennzeichnet, daB die Mikro- 
organismen Viren Oder andere obligate Parasite, 
die in Wirtszellen vortiegen, sind. 

12. Verfahren nach einem der AnsprOche 1 bis 
11, dadurch gekennzeichnet, daB das emissive 
Mittel der Probe in der Weise zugesetzt wird, daB 
die Mikroorganismen in ein Medium eingebracht 
werden, dem das emissive Mittel zugesetzt wird, 

^ das erhaltene Medium wahrend einer Zeitspanne 
bebrutet wird und die Bebrutungsreaktlon nach 
Beendigung der Periode angehalten wird. 

13. Verfahren nach Anspruch 12, dadurch ge- 
kennzeichnet, daB die Reaktion durch Zugabe von 
Natriumdodecylsuifat und Mercaptoethanol 
angehalten wird. 

14. Verfahren nach einem der Anspruche 1 bis 

13, dadurch gekennzeichnet, daB die Sammlung 
der Identifizierungsmittel eine gespeicherte 
Information ist. 

15. Verfahren nach einem der Anspruche 1 bis 

14, dadurch gekennzeichnet, daB die Probe aus 
einer Mikroorganismenkultur besteht. 

16. Verfahren nach einem der AnsprOche 1 bis 

15, dadurch gekennzeichnet, daB die emissiven 
Produkte in der Weise aufgespurt werden, daB ein 
Rim der Emission aus den Produkten zur Erzeu- 
gung eines entsprechenden Bandmusters auf 
dem Film ausgesetzt wird. 

"fo 17. Verfahren nach Anspruch 16, dadurch ge- 
kennzeichnet, daB das Bandmuster in dem 
belichteten Film durch eiektrooptische MaB- 
nahmen aufgespurt wird, die dazu geeignet sind, 
ein entsprechendes elektrisches Signaimuster zu 

45 erzeugen. 

18. Verfahren nach einem der Anspruche 1 bis 
15, dadurch gekennzeichnet daB die emissiven 
Produkte aufgespurt werden durch Wahrnehmen 
der Emission aus den Produkten durch MaB- 

50 nahmen, die dazu geeignet sind, ein ent- 
sprechendes elektrisches Signaimuster zu er- 
zeugen. 

19. Verfahren nach Anspruch 17 oder 18, da- 
durch gekennzeichnet, daB das elektrische Signal- 

55 muster in einem Computer mit Mustern ver- 
gltchen wird, die in dem Computermemory ge- 
speichert sind, wobei die gespeicherten Muster 
eine Kollektion bekannter Mikroorganismen re- 
prasentieren. 
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